requiring superconductivity. Furthermore, instead of trying to find the desired material in nature, the authors fabricated it using nanometre-scale engineering techniques. Unlike Little's original proposal, the authors' polarizer is an artificial molecule: a pair of potential-energy wells within a carbon nanotube, which is placed on a microchip. The electron system is constructed inside a separate carbon nanotube, on its own microchip. The two nanotubes are then placed perpendicularly to each other (Fig. 1b) , one above the other, inside a scanning probe microscope. After the apparatus is cooled to a low temperature (about 10 millikelvin), the nanotubes are moved closer together until they are about 100 nanometres apart. The authors can then observe the effect of the polarizer on the behaviour of the system electrons and, in particular, confirm whether or not the electrons attract one another.
Hamo and collaborators' experiment has several key assets. Their nanotube material is almost entirely free from impurities, which allows the electrical force acting on the electrons inside each nanotube to be carefully controlled. The particular set-up used by the authors also allows them to accurately assemble or disassemble the basic elements of Little's proposal -the system and the polarizer -and study their formation and interactions.
In contrast to work with real molecules, the researchers' electrical-current measurements and charge-sensing of artificial molecules allow direct characterization of all of the relevant energy scales in the experiment. For example, the interaction between the system BIOGEOCHEMISTRY Nocturnal escape route for marsh gas A field study of methane emissions from wetlands reveals that more of the gas escapes through diffusive processes than was thought, mostly at night. Because methane is a greenhouse gas, the findings have implications for global warming.
K AT E Y WA LT E R A N T H O N Y & S A L LY M AC I N T Y R E
G lobal wetlands are the largest natural source of atmospheric methane, a potent greenhouse gas. Methane is produced by microbes decomposing organic matter in oxygen-free sediment, and escapes from wetlands by three main pathways: through plants; by bubbling out of water (ebullition); and by diffusion of methane molecules across the microscopically thin airwater interface (Fig. 1) . Most of the methane emissions from lakes and wetlands have been credited to the first two pathways. But writing in Geophysical Research Letters, Poindexter et al. 1 report evidence indicating that diffusive emissions are larger than previously thought, and occur mostly at night.
Diffusive emission of sparingly soluble gases such as methane from wetlands is controlled by passage across the air-water interface. Field data show that the emission can be quantified using a model in which the near-surface water is renewed by upwelling motions, for instance, those caused by electrons can be determined by measuring the signal from electrometers built inside the carbon nanotubes, or simply from the current flowing through the devices as a function of the applied voltages. Using these techniques, the authors concluded that the electrons were attractive, confirming Little's excitonic mechanism.
In light of Hamo and colleagues' findings, one may now dream of engineering new types of superconductor. However, making a whole crystal -or even a short chain -of the authors' material would be a formidable task. Furthermore, because the excitonic mechanism seems to be optimal in fewer than three spatial dimensions, superconductivity will inevitably compete with other phenomena that affect electrical behaviour (such as insulating charge-density waves) 4 . In addition, the bonding-antibonding splitting produced in the authors' set-up requires low temperatures (in the sub-kelvin range).
Nevertheless, the purely electronic attraction demonstrated is so generic that it could be transposed to any type of material in which some, or possibly all, of these constraints could be lifted. Although Hamo and collaborators' set-up will not form the basis of a practical excitonic superconductor, it will be useful as a 'quantum simulator' of such superconductors for basic research. It is therefore likely to become a key feature of the quantum toolbox of nanoscience. ■ There are two key components to his proposal: a pair of electrons (blue) within an electron chain (the 'system'), and a polarizable molecule (the 'polarizer'), composed here of two atoms (red). b, Hamo et al.
1 use nanoengineering to realize Little's set-up. In their experiment, the system consists of two electrons within a carbon nanotube and the polarizer is a pair of potential-energy wells (orange) within a separate carbon nanotube. The two nanotubes are placed perpendicularly to each other such that one of the polarizer's potential wells is directly above the system. As the separation between the two nanotubes is reduced, the presence of the polarizer causes the system electrons to attract each other.
a b turbulent eddies, associated with wind or cooling 2, 3 . Methane transport across the air-water interface accelerates as turbulence intensifies, for example as the wind increases. Poindexter et al. are the first to quantify how heat loss from wetland surfaces accelerates diffusive emissions over seasonal and annual cycles, using a heat-flux-based equation that is similar to the surface-renewal model [2] [3] [4] . On clear, still nights, heat is emitted from the water surface by radiation; additional cooling from evaporation and conduction may occur even with light winds. Cooling surface water sinks, displacing the underlying water and forming eddies. Large eddies circulate dissolved methane throughout the water column, whereas smaller, near-surface eddies renew the methane at the air-water interface, increasing methane flux to the atmosphere. Poindexter et al. use the term 'hydrodynamic transport' to describe this convective mixing driven by cooling; however, hydrodynamic transport is an umbrella term that usually pertains to multiple processes that transport dissolved gases through water, including convection, internal waves (which occur within the body of the water), and the breaking of surface waves.
Past field measurements (see refs 5 and 6, for example) of wetland methane emissions led scientists to conclude that diffusive transport was the least important of the processes that release methane to the atmosphere, but most of those measurements were made during daylight hours, when sunlight warms wetland surface water and creates stable density gradients that retard convective mixing. Using sensors mounted several metres high on a tower, Poindexter et al. took continuous, year-round measurements of wind speed, energy inputs and outputs to and from the water (including heat flux), total methane flux and temperature from a shallow wetland dominated by tall emergent plants in the Sacramento-San Joaquin Delta, a temperate region in California. Day-and night-time measurements of the concentration of methane dissolved in surface water were also made on 24 days distributed throughout the year.
The authors calculated that convectionenhanced diffusion caused 18% of total daytime emissions on average. But when they incorporated the effect of nocturnal cooling, they found that convection-enhanced diffusion was the dominant transport pathway at night, contributing 54% of total night-time fluxes. Moreover, because the authors make several assumptions about the nature of flow near the air-water interface, their estimates are conservative. This discrepancy points to the need for more effort to quantify the effect of surfactants and near-surface turbulence on parameters used in the authors' calculations 4 . Poindexter and colleagues' results do not imply that total wetland emissions are higher than previously thought. Rather, they require a reassessment of how emissions are partitioned among the three methane-escape pathways in large-scale regional and global models of wetland emissions [7] [8] [9] . A larger convection-enhanced diffusive flux implies lower emissions by plants and/or ebullition. The partitioning will be system specific, because several factors -including plant type and coverage, water depth and landscape geomorphology -work together to control the relative contribution from each pathway.
The demonstration that convectionenhanced diffusion is a larger source of atmospheric methane from wetlands than was previously thought is valuable for several reasons. First, it suggests that nocturnal cooling -which is not well accounted for in commonly used wind-based formulations of diffusive emissions -is probably a significant factor in other sheltered systems such as thermokarst (thaw) ponds and flooded forests. Second, it has implications for tropical wetlands, which are particularly poised for strong convection-enhanced diffusive emissions because heat losses associated with evaporation and with radiation emitted from the water surface are enhanced when surface waters are warm. Methane concentrations in tropical wetlands are high and do not exhibit a strong winter decline as in temperate wetlands, which means that the fraction of convectionenhanced emissions from tropical ecosystems could be higher than those reported in the current study from a temperate wetland.
A third implication of the work stems from the lack of day-to-night differences in surfacewater methane concentrations in the shallow California wetland, which implies that there was no strong vertical gradient in methane concentration. Pronounced concentration gradients occur beneath the surface layer in many other water bodies, such that the lower part of the water column is methane-rich. Mixing from convection will entrain methane from the lower water column in those bodies, bringing it to the surface where it can escape to the atmosphere 10 . In addition, convection reduces the time that dissolved methane spends in water and thus reduces its consumption by microbes; this shorter residence time has the potential to further increase methane fluxes.
Convection-enhanced methane emissions are probably largest in warm climatic regions, but most small, methane-rich water bodies are located in cooler locations at high northern latitudes 11 . However, these cooler areas are projected to undergo temperature increases of up to 7.5 °C by the end of this century 12 . This warming Methane is generated in oxygen-free sediments in wetlands, and can escape to the atmosphere by bubbling to the surface (ebullition), by transport through plants (which is highest during the day), or by diffusion of molecules across the air-water interface. Heat loss from wetlands at night can cause convection that generates turbulent eddies, which renew dissolved methane just below the air-water interface, accelerating diffusive emissions. The larger eddies transport methane throughout the water column, whereas the smaller ones thin the diffusive layer immediately below the air-water interface. The size of the smaller eddies (500 micrometres to 1 centimetre across) and the rate of methane renewal varies with the intensity of turbulence. Poindexter et al. 1 find that diffusive methane emissions from wetlands are much greater than was previously thought. Figure adapted from 
Years Ago
Like ourselves, the industrial cities of the United States are beginning to realise the serious economic and hygienic effects caused by the unscientific combustion of coal … Dr W. F. M. Goss has contributed to a paper on "Smoke as a Source of Atmospheric Pollution" … The author is not very optimistic in his outlook, for he considers that a revolution in practice which will result in the elimination of existing sources of atmospheric pollution is not to be expected "because presentday knowledge is insufficient to supply necessary means" … We are throwing away … a valuable inheritance which should belong to coming generations, and which they will never be able to recover. From Nature 20 July 1916 will lead to higher methane production and to convection-enhanced diffusion becoming an increasingly significant mechanism for releasing this methane to the atmosphere, constituting a newly recognized positive feedback to climate warming. 
